Lime mud was isolated from calcareous sands in the lagoonal basin of Manza Beach, the Okinawa Island. The lagoonal basin is enriched by both mud content and carbonate content towards the center, indicating that lime mud is enriched in the central portion of the low-energy lagoonal basin. Observation by the scanning electron microscopy (SEM) on the lime mud shows that it is composed by detrital, authigenic (precipitated), and cement crystals. Aragonite needles, as fragments of Halimeda, were occasionally observed to be present in the lime mud. Some spheres of radiating crystals were formed due to pore-water diagenetic processes. Lime mud deposited in the low-energy lagoonal basin may be an important material, which consolidates into limestone and which help to build up coral reefs.
INTRODUCTION
Lime mud is carbonate mud but it does not indicate any kinds of calcareous mud in general sense. Lime mud is the term to denote carbonate mud precipitated and deposited in shallow-water, coral reef environments, mostly as aragonite needle mud (Matthews, 1966; Stockman et al., 1967; Stieglitz, 1973; Neumann and Land, 1975; Steinen, 1978; Boardman and Carney, 1991; Mazzullo and Bischoff, 1991; Milliman et al., 1993) . However, origin and nature of lime mud are not well understood yet.
Micrite is microcrystalline carbonates and it constitutes the major part of limestone. Modern analogy of the micritic matrix of limestone is believed to be lime mud. However, it is controversial whether the term micrite represents genetic implications (Friedman, 1985) or whether the term micrite is only used as descriptive sense (Milliman et al., 1985) . In any sense, mechanically deposited lime mud in low-energy environments would certainly become micrite when they are lithified to limestone. Modern sediments in the Okinawa coastal area are characterize by carbonate sands, which are occasionally mixed with terrigenous mud derived from terrestrial soils. However, the carbonate sands are very slightly mixed with carbonate mulls in some low-energy portions of the semi-enclosed bays of back-reef basins (Yamamoto and Ujiie, 1983) . Although the origin of these carbonate mulls were not investigated precisely in previous studies, these carbonate mulls might be formed in situ, in the back-reef basins or transported from offshore areas, but not from terrestrial areas.
In the course of studying the dispersal processes of terrigenous red soils in the back-reef basins in Manza Beach (Yamamoto and Tohma, 1995) , we found that the central parts of the back-reef basin are deposited by carbonate mud. We considered that the mud is so called "lime mud". In this report, the results of intensive microscopic observations, using scanning electron microscopy (SEM), on this lime mud are presented and the origin of lime mud in shallow coral reef basins and its significance are discussed. patterns of suspended sediments, in this area (Yamamoto and Tohma, 1995) . The genesis of lime mud in the 
ISOLATION OF LIME MUD
Original sandy samples were washed by fresh water and mud-suspended turbid waters were isolated from sands. Then, the mud-suspended waters were left quiet for a few hours to settle the muddy fractions. After all the suspended mud fractions were isolated from water and settled, the supernatant waters were thrown away and the residual muddy fractions were dried. The dried muds which were isolated from the sandy sediments were mounted on the sample holder for observations by the SEM.
MICROSCOPIC OBSERVATION
The kinds of oganisms were hard to identify in the silt-sized carbonate grains. However, many detrital grains of skeletal organism and aggregated forms of detrital and other origins are found in the lime mud (Fig. 4) . Occasionally aragonite needles can be observed (Fig. 5) . Aragonite needles that were of Halimeda (Maclntyre and Reid, 1992, 1995) . But it is not sure whether the so called "inorganic" type aragonite needle, which is only precipitated as "whiting" in the Bahamas (Shinn et al ., 1989; MacIntyre and Reid, 1992) , can be recognized in the lime mud of Manza Beach. Similar kinds of aragonite needle as fragments of Halimeda were found previously in muddy sediments exposed at the cliff like topography of Nago Bay in the Okinawa Island (Ujiie and Shioya, 1980) . Therefore, it may be possible for us to find out more aragonite needles from lime mud in the sediments sampled from the Okinawa Island in the future. Several different types of cements (Scoffin, 1987, p.92) were observed in the lime mud. These cements are needles (Fig. 6 ) and blades (Fig. 7) . Probably these cement crystals were originally filling the chambers and walls of sand-sized carbonate organisms, but they may be peeled off when isolating the muddy fraction by washing. Some euhedral carbonate crystals ( Fig. 8 ) might be derived from walls and chambers of larger organisms as cement material. However, some of these euhedral carbonate crystals might be precipitated primarily during sedimentation in the basin (Thompson and Ferris, 1990; Davis et al., 1995) . It is difficult to determine which is the origin by morphological observations through the SEM.
Radiating type sphere (Fig. 9 ) are similar to the spheres described by Lighty (1985) . Lighty (1985) interpreted that the pore water movement in carbonates formed and developed such radiating type crystals of carbonates. Early diagenetic processes must be occurring in some surficial unconsolidated carbonates of Manza Beach. (Matthews, 1966; Stockman et al., 1967; Shinn et al., 1989; Boardman and Carney, 1991; Mazzullo and Bischoff, 1991; Neuman and Land, 1991) . Lime mud contains carbonate crystals which were precipitated. However, the place of precipitation can not be specified by the morphological observation of crystals through SEM whether they were precipitated in overlying water column or in the subsurface layer of the bottom sediment, including filling material of sand-sized grains.
Cementation and diagenesis by pore waters occurs in the lime mud, although most of these cement and diagenetic crystals might be derived from walls of chambers of sand-sized organisms by washing. Lime mud depositing in low-energy back-reef basin, such as the one studied in this paper, becomes an important material to consolidate carbonate sands and gravels into limestone. Particularly, the presence of aragonite needles as fragmented Halimeda is significant to consolidate lime mud and other carbonate sediments, because such aragonite needles would be easily dissolved and recrystallized.
While the lime mud may lithify carbonate sediments and develop coral reefs in the back-reef basin, another type of lithification process will build up the reefs in the fore-reef basin of generally high-energy environments. Cements by fine-grained calcite may lithify and build up the coral reefs in the fore-reef environments (Brachert and Dullo, 1991; Camoin and Montaggioni, 1994) . Although the lime mud in modern environments contain various types of fine-grained carbonates of various origin, the lime mud may be lithified and become micrite of limestone after the diagenesis. 
